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	 Spontaneous	recovery.		On	the	measure	of	percent	time	in	the	magazine,	the	Mixed	group	(M	=	18.57,	SD	=	24.22)	performed	lower	than	the	Omission	group	(M	=	22.02,	SD	=	26.40)	with	η2	=	.0049.		However,	this	suggests	that	only	about	0.5%	of	the	variance	is	explained	by	group.		A	one-way	ANOVA	was	performed	with	Levene’s	test	not	violated	F(3,	68)	=	.47,	p	=.71.		The	ANOVA	failed	to	detect	a	statistically	significant	result	F(3,	68)	=	1.21,	p	=	.31.		A	one-tailed	independent-samples	t-test	was	still	performed	as	a	planned	comparison.		Here	Levene’s	test	was	not	violated	p	=	.26	and	the	result	of	this	test	was	t(34)	=	-0.41,	p	=	.34,		which	did	not	support	the	experimental	hypothesis	(see	Figure	2c).				 As	for	the	measure	of	the	number	of	entries,	the	Mixed	group	(M	=	4.50,	SD	=	5.20)	performed	lower	than	the	Omission	group	(M	=	5.39,	SD	=	7.63)	with	η2	=	.22.	This	suggests	that	22%	of	the	variance	on	this	measure	is	accounted	for	in	the	hypothesised	direction.		A	one-way	ANOVA	was	conducted	and	Levene’s	test	was	not	violated	F(3,	68)	=	.45,	p	=.72.		This	ANOVA	failed	to	detect	a	statistically	significant	difference	F(3,	68)	=.85,	p	=.47.		A	one-tailed	independent-samples	t-test	was	still	performed	as	a	planned	comparison	with	Levene’s	Test	not	violated	p	=	.31.		It	also	failed	to	detect	a	statistically	significant	result	t(34)	=	-0.41,	p	=	.34	(see	Figure	2d).				 Taken	together,	these	results	show	little	supporting	evidence	of	an	effect	of	group	on	the	first	trial	of	the	Spontaneous	Recovery	test.		Given	the	lack	of	consensus	of	effect	size	statistics	between	the	two	dependent	variables	and	the	
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subsequent	planned	null-hypotheses	tests,	there	is	a	lack	of	evidence	to	support	an	affirmative	conclusion	about	the	hypotheses	from	these	data.			
	 Reinstatement.		For	percent	time	in	the	magazine,	the	Mixed	group	(M	=	22.93,	SD	=	17.21)	performed	lower	compared	to	the	Omission	group	(M	=	37.33,	SD	=	29.44)	with	an	η2	=	.091.		This	suggests	that	just	over	9%	of	the	variance	is	explained	by	group	membership	in	the	hypothesised	direction.		A	one-way	ANOVA	was	run	and	Leven’s	test	was	not	violated	F(3,	32)	=	1.71,	p	=.19.		This	ANOVA	failed	to	detect	a	statistically	significant	result	F(3,	32)	=	1.02,	p	=	.40.		A	one-tailed	independent-samples	t-test	was	still	performed	as	a	planned	comparison.		Here,	Levene’s	test	was	not	violated	p	=	.071,	with	t(16)	=	-1.27,	p	=	.11	(see	Figure	2e).		The	effect	size	and	direction	is	consistent	with	the	hypotheses	and	due	to	the	conservativeness	of	our	experimental	design	one	might	expect	that,	if	an	effect	were	present,	this	might	be	blunted	by	the	repeated	testing	in	this	design.				 Furthermore	for	the	number	of	entries,	the	Mixed	group	(M	=	4.56,	SD	=	3.91)	performed	lower	than	the	Omission	group	(M	=	7.22,	SD	=	7.85)	was	an	η2	=	.049.		On	this	measure	about	5%	of	the	variance	was	explained	by	group	in	the	predicted	direction.		Also,	a	null-hypotheses	one-way	ANOVA,	was	conducted	with	Levene’s	test	not	violated	F(3,	32)	=	1.09,	p	=	.37.		This	ANOVA	failed	to	detect	a	statistically	significant	difference	between	groups	F(3,	32)	=	0.70,	p	=	.56.		A	one-tailed	independent	samples	t-test	was	still	conducted	as	a	planned	comparison	with	Levene’s	test	not	violated	p	=	.14.		This	test	failed	to	detect	a	statistically	significant	result	t(16)	=	-0.912,	p	=	.19	(see	Figure	2f).			
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	 The	resulting	effect	sizes	in	the	hypothesized	direction,	offer	some	evidence	supporting	an	effect	in	the	population.		Although	these	null-hypothesis	tests	suggest	there	is	a	likelihood	that	results	this	extreme	are	due	to	chance,	the	conservative	nature	of	the	experimental	parameters	had	biases	these	analyses	away	from	finding	an	effect.			
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Figure	2.		Post-extinction	manipulations.		The	top	two	figures	are	the	Renewal	test	results,	the	centre	two	figures	are	the	Spontaneous	Recovery	test	results,	and	the	bottom	two	figures	are	the	Reinstatement	test	results.		The	figures	on	the	left	represent	the	variable	of	percent	time	in	the	magazine	and	the	figures	on	the	right	represent	the	number	of	entries.		Error	bars	represent	the	SEM.		*	is	a	substantive	effect	size	with	p	<	.05, † is	a	substantive	effect	size	only.			
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Effectiveness	of	post-extinction	manipulations		 Due	to	the	novelty	of	this	specific	paradigm,	we	sought	evidence	to	confirm	the	effectiveness	of	our	particular	parameters	in	producing	these	post-extinction	manipulations.		Below	we	have	tested	for	evidence	of	a	renewal	effect,	and	a	reinstatement	effect	by	comparing	an	Omission	group	that	did	not	receive	the	manipulation	to	the	Omission	group	that	did.		The	groups	that	did	receive	the	manipulation	for	these	tests	should	show	greater	responding	on	the	first	measure	of	the	test	day.		For	the	Spontaneous	Recovery	manipulation	the	Omission	group	on	the	first	trial	of	the	test	was	compared	to	the	mean	responding	during	the	last	day	of	extinction	training	for	the	Omission	group.		If	there	is	higher	responding	at	the	beginning	of	this	test	despite	the	extinction	training	then	this	will	be	taken	as	evidence	of	a	spontaneous	recovery	effect.			
	 Renewal	effect.		To	test	if	our	parameters	were	effective	at	producing	a	renewal	effect,	half	of	the	Omission	subjects	were	tested	in	a	novel	context.		The	other	half	was	tested	in	their	familiar	context.		If	this	paradigm	was	successful	in	producing	a	renewal	effect	then	the	Omission-Novel	context	group	should	perform	higher	on	our	measured	variables	then	the	Omission	group	in	the	same	context	on	the	first	training	block.		This	effect	was	observed	with	the	novel	context	Omission	group	spending	a	greater	amount	of	time	in	the	magazine	(M	=	17.54,	SD	=	17.31)	than	the	same-context	Omission	group	(M	=	7.79,	SD	=	11.61)	η2	=	.11.		This	suggests	that	about	11%	of	the	variance	for	Omission	subjects	on	this	block,	is	explained	by	contextual	condition	where	novel-context	rats	perform	higher	on	the	measured	variable.		As	a	null	hypothesis	test,	a	one-way	ANOVA	was	performed	between	the	
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four	groups	in	each	of	the	possible	2	conditions	(novel	or	same	context)	for	a	total	of	8	groups.		For	this	analysis	Levene’s	test	was	violated	F(7,	58)	=	5.27,	p	=.000.		This	ANOVA	yielded	evidence	of	a	statistically	significant	difference	between	at	least	one	of	the	conditions	F(7,	58)	=	9.94,	p	=	.000.		A	one-tailed	independent-samples	t-test	comparing	the	Omission-Same	and	Omission-Novel	was	performed.		This	comparison	did	not	violate	Levene’s	test	p	=	.09,	however	the	planned	comparison	did	not	yield	a	statistically	significant	difference	though	the	finding	was	in	the	hypothesised	direction	t(16)	=	-1.40,	p	=	.09	(see	Figure	3c).			 Similarly,	this	effect	was	also	demonstrated	for	the	measured	variable	of	number	of	head	entries	during	the	CS	presentation.		Here	the	behaviour	on	the	first	block	(M	=	3.17,	SD	=	2.46)	was	higher	for	the	Omission-Novel	context	group	compared	with	the	Omission-Same	context	group	(M	=	1.28,	SD	=	2.21)	with	an	η2	=	.15	suggesting	that	about	15%	of	the	variance	is	explained	by	the	contextual	manipulation	in	the	hypothesized	direction.		A	one-way	ANOVA	was	conducted	comparing	the	8	renewal	conditions.		Here,	Levene’s	test	was	violated	F(7,	58)	=	6.84,	p	=	.000	and	the	ANOVA	yielded	a	statistically	significant	difference	in	at	least	one	of	the	groups	F(7,	58)	=	7.78,	p	=	.000.		A	one-tailed	independent-samples	t-test	was	performed	comparing	the	Omission-Novel	to	the	Omission-Same	conditions.		Levene’s	test	was	not	violated	here	p	=	.32	and	the	t-test	approached	but	did	not	exceed	our	threshold	for	statistical	significance	t(16)	=	-1.71,	p	=	.053	(see	Figure	3f).				 The	relationship	between	experimental	groups	was	consistent	with	an	effective	model,	the	observed	effect	size	alone,	is	considered	sufficient	evidence	of	a	
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renewal	effect	under	these	particular	parameters.		Here,	Control,	Overexpectation	and	Omission	groups	in	both	novel	and	same	contexts	performed	in	a	manner	predicted	by	the	design	(see	Figures	3a,	b,	d	&	e).		Specifically,	the	Control	groups	showed	the	highest	responding	followed	by	the	Overexpectation	group.		The	Omission	group	in	the	same	context	showed	very	low	responding.		In	the	novel	context	the	Omission-only	group	showed	an	increase	in	behaviours	on	the	first	trial	indicative	of	a	relapse.		This	was	followed	by	very	low	levels	of	responding	on	subsequent	trials	also	indicative	of	a	relapse	and	return	to	a	baseline	level	of	low	responding.			
	 Spontaneous	recovery	effect.		Evidence	for	spontaneous	recovery	was	tested	by	comparing	the	mean	level	of	responding	on	the	last	day	of	Omission	training	to	the	first	trial	of	the	Spontaneous	Recovery	test.		For	the	percent	time	spent	in	the	magazine	during	CS	presentations,	the	mean	responding	of	the	Omission	group	during	the	last	day	of	Omission	training	(M	=	9.12,	SD	=	8.43)	was	lower	than	the	responding	of	the	Omission	group	on	the	first	trial	of	the	Spontaneous	Recovery	test	(M	=	22.02,	SD	=	26.40)	with	an	effect	size	of	η2	=	.10.			An	independent-samples	one-tailed	t-test	was	conducted.		Since	Levene’s	test	suggested	unequal	variance	between	groups	(p	=	.000)	the	t-test	was	adjusted	accordingly	(t(20.43)=	-1.97,	p	=	.03).				 Similarly	for	the	number	of	entries,	the	mean	responding	of	the	Omission	group	for	the	10	trials	of	the	last	day	of	Omission	training	(M	=	1.52,	SD	=	1.06)	was	lower	than	the	first	trial	of	the	Omission	group	during	the	test	of	Spontaneous	Recovery	(M	=	5.39,	SD	=	7.62)	with	an	effect	size	of	η2	=	.12.		Again,	Levene’s	test	
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suggested	unequal	variance	between	groups	(p	=	.000)	so	the	t-test	was	adjusted	accordingly	(t(17.66)=	-2.13,	p	=	.02).		These	data	provide	evidence	of	a	spontaneous	recovery	effect	in	terms	of	both	effect-size	statistics	and	null-hypothesis	tests	(see	Figures	4b	&	d).			
	 Reinstatement	effect.		Here	we	tested	for	evidence	of	a	reinstatement	effect	between	groups	in	the	Omission	conditions.		As	evidence	of	a	working	reinstatement	paradigm,	the	Omission	group	should	perform	higher	during	the	first	trial	compared	with	subsequent	trials.		This	difference	should	also	be	observed	on	the	first	trial	for	the	Omission	group	in	the	novel	context	compared	to	the	consistent	context.		Here	the	reinstated	Omission	group	(M	=	37.33,	SD	=	29.44)	demonstrated	more	percent	time	spent	in	the	magazine	during	the	CS	presentation	compared	with	the	non-reinstated	Omission	group	(M	=	9.50,	SD	=	13.09)	with	an	effect	size	of	η2	=	.30.		This	suggests	that	30%	of	the	variance	between	Omission	rats	is	explained	by	the	exposure	to	the	US	alone	on	the	previous	day.		In	terms	of	a	null-hypotheses	test,	a	one-way	ANOVA	was	performed	comparing	the	first	trial	for	each	of	the	four	groups	half	of	which	experienced	reinstatement	on	the	previous	day	and	half	of	which	did	not	(for	a	total	of	8	conditions).		Levene’s	test	was	violated	F(7,	64)	=	6.24,	p	=	.000,	and	the	ANOVA	yielded	a	statistically	significant	difference	between	at	least	two	of	the	conditions	F(7,	64)	=	4.40,	p	=	.000.		A	one-tailed	independent-samples	t-test	was	conducted	comparing	the	Omission-Reinstated	to	the	Omission-Non-Reinstated	conditions.			Here	Levene’s	test	was	not	violated	as	the	result	of	this	test	was	just	above	our	threshold	selected	for	Levene’s	test	p	>	.01.		This	test	yielded	a	statistically	significant	result	t(16)	=	-2.59,	p	=	.01.		It	is	also	worth	noting	that	this	
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test	would	still	have	had	statistically	significant	results	if	a	higher	threshold	for	Levene’s	test	had	been	selected.		Since	performance	of	each	group	relative	to	each	other	was	consistent	with	the	hypothesis,	the	observed	effect	size	in	the	predicted	direction	is	taken	as	evidence	of	a	working	reinstatement	model	and	this	view	was	reinforced	by	the	statistically	significant	result	in	the	hypothesized	direction	(see	Figure	5c).				 Similarly	for	the	measured	variable	of	number	of	head	entries,	the	Omission	groups	performed	as	predicted.		The	reinstated	Omission	group	had	considerably	higher	levels	of	behaviour	on	this	measure	(M	=	7.22	SD	=	7.85)	compared	with	the	non-reinstated	group	(M	=	2.11	SD	=	3.44)	with	an	effect	size	of	η2	=	.17.		This	suggests	that	on	this	measure,	17%	of	the	variability	between	scores	is	accounted	for	by	group	membership	with	the	Omission	group	rats	having	greater	scores	in	the	reinstated	condition.		A	one-way	ANOVA	was	run	for	the	number	of	head	entries	variable	on	the	first	trial.		Here	Levene’s	test	was	violated	at	a	level	just	below	our	threshold	p	<	.01.		The	ANOVA	yielded	a	statistically	significant	difference	between	at	least	two	of	the	groups	of	the	8	conditions	F(7,	64)	=	2.38,	p	=	.031.		For	our	planned	comparison	between	the	Omission-Reinstated	and	the	Omission-Non-Reinstated	conditions	Levene’s	test	was	not	violated	p	=	.11.		This	test	yielded	a	statistically	significant	difference	just	below	our	threshold	t(16)	=	-1.79,	p	<	.05	(see	Figure	5f).				 The	relative	group	performances	were	consistent	with	predicted	relationships	for	both	percent	time	in	the	magazine	(see	Figures	5a	&	b)	and	for	number	of	entries	(see	Figures	5d	&	e).		The	effect	size	statistics	were	in	the	
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hypothesized	direction	for	the	Omission	conditions	and	these	observations	were	supported	by	statistically	significant	results	for	the	null	hypothesis	tests.		Taken	together	this	is	considered	to	be	sufficient	evidence	to	conclude	that	this	paradigm	was	likely	successful	at	producing	a	reinstatement	effect.				 	
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Figure	3.		Evidence	of	a	renewal	effect.		The	top	figures	represent	percent	time	in	the	magazine	and	the	bottom	figures	represent	the	number	of	head	entries.		The	left	figures	represent	blocks	of	two	trials	for	rats	in	the	novel	context	where	as	the	centre	figures	are	the	same	context.		The	figures	on	the	right	represent	the	comparison	of	the	Omission	group	between	novel	and	same	contexts.		Error	bars	represent	the	SEM.		† is	considered	to	be	a	substantive	effect	size.	
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Figure	4.		Evidence	of	a	spontaneous	recovery	effect.		The	top	two	figures	represent	the	percent	time	in	the	magazine	and	the	bottom	two	represent	the	number	of	head	entries.		The	left	figures	shows	the	data	from	the	individual	trials	during	the	test	session	and	the	right	figures	represent	a	comparison	between	the	average	responding	of	the	Omission	group	on	the	last	day	of	extinction	training	compared	to	the	first	trial	of	the	Spontaneous	Recovery	test.		Error	bars	represent	SEM.	*p		=	.05	and	is	considered	to	be	a	substantive	effect	size.			
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Figure	5.		Evidence	of	a	reinstatement	effect.		The	top	figures	represent	the	percent	time	in	the	magazine	and	the	bottom	figures	represent	the	number	of	head	entries.		The	left	figures	show	the	data	from	individual	trials	of	the	reinstated	subjects	and	the	centre	figures	represent	the	non-reinstated	subjects.		The	right	figures	show	the	comparison	between	the	Omission	group	rats	that	either	had	or	had	not	experienced	the	US	on	the	previous	day.		Error	bars	represent	the	SEM.		*p	<	.05	and	had	a	substantive	effect	size.			
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Acquisition,	omission,	and	overexpectation	training		 Again	due	to	the	novelty	of	this	paradigm,	evidence	for	the	effectiveness	of	acquisition,	omission,	and	overexpectation	was	sought.		In	terms	of	the	effectiveness	of	the	Overexpectation	block	for	the	Mixed	group,	this	was	not	explicitly	tested	here.		It	was	considered	that	if	this	training	was	not	effective	or	was	not	effective	for	all	subjects,	then	this	would	bias	results	away	from	finding	an	effect.		This	is	therefore	considered	to	be	a	more	conservative	measure	rather	than	potentially	introduce	confounds	by	removing	subjects	in	an	unequal	fashion	between	groups	and	the	sensory	modality	of	the	target	cue.			
	 Acquisition	training.		Regarding	acquisition	training,	rats	in	all	groups	should	increase	behavioural	response	across	days,	which	is	indicative	of	forming	CS-US	associations.		There	should	be	no	effect	of	group	during	this	phase	prior	as	it	is	prior	to	experimental	manipulation.	Next,	this	responding	should	reach	and	maintain	a	behavioural	asymptote	where	responding	on	the	last	day	of	training	should	not	substantially	differ	from	previous	days.		This	was	defined	as	less	than	1%	of	the	variance	explained	by	the	difference	between	the	last	day	and	each	previous	day	η2p	<	.01.				 For	both	percent	time	and	number	of	entries,	mixed-model	repeated-measures	ANOVA	were	conducted	using	each	subject’s	mean	percent	time	in	a	food	magazine	of	ten	separate	ten-second	CS	presentations	on	a	training	day.		The	repeated	measure	was	the	daily	mean	for	fourteen	days	of	training	and	the	between	subjects	factor	was	group	membership.		For	both	dependent	variables	Levene’s	test	of	equal	variance	between	the	groups	was	not	violated	on	any	of	the	days	(p	>	.01).			
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	 For	percent	time	in	the	magazine,	no	effect	of	group	was	detected	η2p	=	.009,	
F(3,	68)	=	0.21,	p	=	.88.		Consistent	with	the	prediction,	there	was	an	observed	effect	of	day	η2p	=	.50,	F(5.58,	379.54)	=	68.029,	p	=	.000	(see	Figure	6a).		Regarding	the	within-subject	variable	of	day,	Mauchly’s	test	indicated	that	the	assumption	of	sphericity	had	been	violated	Χ2(90)	=	449.28,	p	=	.000,	therefore	Greenhouse-Geisser	corrected	tests	are	reported	(ε	=	.43).		However,	there	was	no	observed	interaction	between	Day	and	Group	η2p	=	.052,	F(16.74,	379.54)	=	1.25,	p	=	.22.		The	second	premise	was	that	subjects	would	demonstrate	an	upward	linear	trend	in	the	percent	time	spent	in	the	magazine	as	a	result	of	subsequent	days	of	training.		A	repeated-measures	mixed-model	ANOVA	yielded	a	statistically	significant	linear	trend	F(1,	68)	=	173.29,	p	=	.000.		Finally,	it	was	expected	that	subjects	would	demonstrate	a	behavioural	asymptote	in	learning.		An	asymptote	was	determined	by	comparing	behaviour	on	the	final	two	days	of	training	and	computing	effect	sizes	between	these	two	means	as	η2p	<	.01	as	well	as	conducting	a	null	hypotheses	test	using	Fisher’s	least	significant	difference	(LSD)	correction	for	a	pairwise	comparison	η2p	=	.003,	p	=	.68.				 Similarly,	for	number	of	head	entries,	no	substantive	effect	of	group	was	detected	η2p	=.026,	F(3,	68)	=	0.61	,	p	=	.61	(see	Figure	6d).		Mauchly’s	test	indicated	that	the	assumption	of	sphericity	had	been	violated	Χ2(90)	=	637.65,	p	=	.000,	therefore	Greenhouse-Geisser	corrected	tests	are	reported	(ε	=	.27).		There	was	an	observed	effect	of	Day	η2p	=	.49,	F(3.47,	236.03)	=	34.60,	p	=	.000.		Similarly	for	the	other	measured	variable,	there	was	no	observed	interaction	between	day	and	group	
η2p	=	.035,	F(10.41,	236.03)	=	1.25,	p	=	.60.		A	repeated-measures	mixed-model	
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ANOVA	yielded	a	statistically	significant	linear	trend	F(1,	68)	=	65.69,	p	=	.000.		Here	again,	to	test	for	a	behavioural	asymptote	in	learning	we	compared	behaviour	on	the	final	two	days	of	training	by	computing	an	effect	size	(η2p	<	.01),	as	well	as	conducting	a	null	hypotheses	test	using	Fisher’s	LSD	a	pairwise	comparison	η2p	=	.001,	p	=	.76.				 These	analyses	support	a	view	that	the	groups	were	of	the	same	population	prior	to	the	extinction	condition	manipulations.		Behaviours	support	an	upward	linear	tread	as	a	result	of	learning	and	there	is	evidence	that	a	behavioural	asymptote	was	reached	as	early	as	the	eighth	day	of	training	but	quantitatively	confirmed	for	the	final	two	days	of	training.			
	 Extinction	training	(Phases	2	&	3).		Concerning	evidence	of	extinction	training,	our	hypotheses	were	threefold.		First,	Overexpectation	and	Mixed	groups	should	not	differ	by	the	end	of	the	first	extinction-training	block	(Phase	2)	as	they	had	received	the	same	training	up	to	this	point.		Second,	groups	should	differ	considerably	by	the	first	trial	of	the	last	day	of	extinction	training	(Phase	3).		Third,	Overexpectation	should	be	measurably	lower	than	the	consistently	reinforced	control	by	the	end	of	the	extinction	training.				 We	compared	Overexpectation	and	Mixed	groups	independently	of	the	other	groups	during	the	40	trials	of	the	first	extinction	block	(Phase	2);	repeated-measures	ANOVA	were	run	for	both	dependant	variables.		This	was	done	to	compare	Overexpectation	and	Mixed	subjects,	which	had	received	the	same	Overexpectation	training	condition	during	this	phase	and	tested	the	hypothesis	that	these	groups	not	differ	by	chance	prior	to	the	experimental	manipulation.		The	
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assumption	of	homogeneity	of	variance	was	violated	for	both	analyses.		For	percent	time	in	the	magazine,	little	effect	was	detected	η2=	.018,	F(1,	34)	=	0.62,	p	=	.44	(see	Figure	6b).		This	suggests	that	1.8%	of	the	variance	is	explained	by	group.		Given	this	small	effect,	and	the	null	hypothesis	test,	we	should	conclude	that	there	are	no	observed	differences	between	groups.		This	is	also	the	case	for	the	number	of	head	entries,	where	0.1%	of	the	variance	is	explained	by	group	η2	=	.001	and	the	repeated-measures	mixed-model	ANOVA	failed	to	detect	a	statistically	significant	difference	between	these	groups	F(1,	34)	=	0.021,	p	=	.88	(see	Figure	6e).		These	finding	for	both	measured	variables,	provide	evidence	that	Overexpectation	and	Mixed	did	not	demonstrate	a	difference	prior	to	the	experimental	manipulation.				 Next	we	examined	if	the	Mixed	group	differed	during	the	CS	presentations	in	terms	of	percent	time	in	the	magazine	or	number	of	head	entries	by	the	end	of	the	second	extinction	phase	(Phase	3).		For	the	first	trial	of	the	last	day	of	extinction	training,	two	effect	sizes	were	computed	along	with	one-tailed	independent	sample	
t-tests.		Homogeneity	of	variance	was	not	violated	for	either	dependent	variable	on	this	trial.		For	percent	time	in	the	magazine,	the	Mixed	group	(M	=	11.56,	SD	=	17.36)	was	now	lower	that	the	Overexpectation	group	(M	=	49.69,	SD	=	21.65)	with	an	η2	=	.50.		This	suggests	that	50%	of	the	variability	in	scores	is	explained	by	group	membership.		In	terms	of	null	hypothesis	testing,	there	was	a	statistically	significant	difference	t(34)	=	-5.83,	p	=	.000.		Similarly	for	number	of	entries,	the	Mixed	group	(M	=	2.56,	SD	=	3.78)	was	now	lower	than	the	Overexpectation	group	(M	=	9.33,	SD	=	5.18)	with	an	η2	=	.37.		This	suggests	that	37%	of	the	variability	on	this	measure	is	
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now	explained	by	group.		And	again,	for	the	null	hypothesis	test,	t(34)	=	-4.50,	p	=	.000.			
	 Overexpectation	learning.		Concerning	Overexpectation	learning,	we	examined	the	first	trial	on	the	last	day	of	extinction	training.		The	hypothesis	was	that	the	Control	group	would	perform	higher	on	both	measured	variables	even	though	the	Control	group	had	been	receiving	the	same	number	of	sucrose	pellets	as	the	Overexpectation	group.		Here	effect	size	statistics	were	computed	and	one-tailed	independent-samples	t-tests	conducted.		On	either	dependent	measure	Levene’s	Test	was	not	violated.		Concerning	percent	time	spent	in	the	magazine	during	the	CS	presentation,	observations	were	consistent	with	the	hypothesis	with	the	Control	group	(M	=	60.45,	SD	=	17.80)	performed	higher	than	the	Overexpectation	group	(M	=	49.69,	SD	=	21.65)	with	an	η2	=	.072.		This	suggest	that	7.2%	of	the	variance	is	accounted	for	by	group	and	that	this	effect	was	in	the	hypothesized	direction.		The	null	hypothesis	test	approached	statistical	significance	t(34)	=	1.63,	p	=	.051.		Likewise	for	the	number	of	entries,	the	Control	group	(M	=	11.17,	SD	=	6.84)	performed	higher	than	the	Overexpectation	group	(M	=	9.33,	SD	=	5.18)	with	an	η2	=	.024.		This	suggests	that	on	this	measure	2.4%	of	the	variance	is	explained	by	group	membership	and	that	this	effect	was	also	is	in	the	hypothesised	direction.		On	this	measure	however,	null	hypothesis	testing	failed	to	detect	a	statistically	significant	difference	t(34)	=	0.906,	p	=	.19.		The	effect	sizes	in	the	predicted	direction	are	consistent	with	our	hypothesis	about	the	effectiveness	of	the	Overexpectation	paradigm.		Concerning	the	main	hypothesis	about	a	Mixed	group	difference,	if	overexpectation	training	was	not	effective	in	this	design,	then	this	would	suggest	
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that	our	Mixed	group	was	a	less	extinguished	Omission	group	and	bias	subsequent	analysis	away	from	finding	an	effect.			 	
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Figure	6.		Evidence	of	acquisition,	omission	and	overexpectation.		The	top	figures	represent	the	percent	time	in	the	magazine	and	the	bottom	figures	represent	the	number	of	head	entries.		The	left	figures	show	the	mean	responding	during	a	trial	during	the	acquisition	phase.		The	centre	figures	represent	the	daily	responding	during	the	two	extinction	phases.		Note	that	during	the	probe	trial	the	Overexpectation-only	group	continued	to	receive	Overexpectation	reinforced	trials.		The	right	figures	represent	the	mean	responding	during	the	probe	test.		Error	bars	represent	the	SEM.			
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Discussion		 The	main	objective	of	this	thesis	is	to	examine	an	alternate	paradigm	to	elucidate	the	phenomenon	of	deepening	extinction.		We	took	the	perspective	that	extinction	learning	is	an	inhibition	of	the	omnipresent	original	learning	and	that	relapse-producing	effects	of	certain	post-extinction	manipulation	represent	an	interference	with	this	inhibitory	learning.		We	also	took	the	view	that	omission	and	overexpectation	learning	are	in	some	respect,	empirically	different	(Sissons	&	Miller,	2009;	Witnauer	&	Miller,	2009)	and	have	unique	and	overlapping	biological	bases	(Iordanova	et	al.,	2016).		Specifically	we	tested	if	this	paradigm	produced	an	extinction	more	resistant	to	relapse	than	an	Omission-only	paradigm	for	Renewal,	Spontaneous	Recovery,	and	Reinstatement	tests.		As	such,	our	main	hypothesis	is	that	the	novel	extinction	paradigm	used	here,	would	be	more	effective	in	attenuating	behavioural	relapse	that	follows	Renewal,	Spontaneous	Recovery	and	Reinstatement	tests.			
	 The	main	finding	of	this	thesis	is	that	this	Mixed-extinction	paradigm	demonstrated	an	attenuation	of	relapse	behaviours	compared	to	Omission.		This	effect	was	observed	in	Renewal	and	Reinstatement	post-extinction	conditions.		Concerning	the	renewal	phenomenon,	evidence	here	supported	the	attenuation	of	the	behavioural	relapse	associated	with	exposure	to	the	CS	in	a	novel	context.		Our	findings	are	that	our	group	manipulation	explains	11%	and	15%	of	variance	on	percent	time	in	the	magazine	and	number	of	head	entries,	respectively.		These	effect	sizes	might	be	underestimated	since	several	of	the	subjects	in	the	Mixed	group	were	at	zero	responding	for	both	dependant	variables	under	our	specific	experimental	
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parameters.		As	such,	a	replication	of	this	study	might	employ	less	extinction	training	in	order	to	detect	changes	that	might	be	masked	here	by	a	behavioural	floor	effect.				 As	for	the	reinstatement	phenomenon,	an	effect	size	in	the	hypothesized	direction	was	present.		Here	just	over	9%	and	5%	of	the	variability	between	scores	for	percent	time	and	number	of	entries,	respectively,	explained	group	membership,	in	the	hypothesised	direction.		However,	a	confirmatory	null	hypothesis	test	did	not	exceed	the	arbitrary	threshold	set	in	order	to	reject	the	null	hypothesis.		One	factor	that	could	have	contributed	to	this	finding	could	be	the	experimental	design.		By	having	this	reinstatement	challenge	third	in	a	series	of	tests,	this	could	have	attenuated	or	muddled	the	potential	observability	of	an	effect	due	to	this	repeated	testing.		Another	factor	that	could	have	influenced	this	result	was	that	our	experimental	design	had	equal	group	sizes.		This	might	have	led	to	a	direct	Omission	vs.	Mixed	group	comparison	to	be	underpowered	(n	=	9).		Lastly,	these	findings	again	could	be	very	conservative	due	to	the	differences	in	sensory	modality	combined	here.		In	examining	auditory	target	cue	scores	alone,	the	Omission	group	subjects	on	average	spent	37%	of	time	in	the	food	magazine	during	the	CS.		Whereas,	Mixed	subjects	spent	on	average,	23%	of	the	time	in	the	magazine	during	the	CS.		Similarly	for	auditory	target	cues	on	the	measure	of	number	of	head	entries,	Omission	subjects	demonstrated	an	average	of	7.22	head	entries	during	the	CS	presentation.		This	compares	to	Mixed	subjects	demonstrated	only	4.56	average	head	entries.		Visual	target	subjects	for	these	groups	performed	at	levels	comparable	to	a	behavioural	floor	effect.		Taken	together,	aspects	of	the	
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experimental	design	as	well	as	that	parameters	were	not	optimized	for	both	sensory	modalities,	would	suggest	a	very	conservative	estimate	of	a	true	effect	size	if	one	were	present.				 Upon	further	examination	of	our	data,	these	results	show	relatively	lower	rate	of	responding	for	the	consistently	reinforced	Control	group	on	the	Reinstatement	test.		This	was	not	predicted;	however	this	could	also	be	attributed	to	the	experimental	design.		Tests	of	extinction	behaviour	employ	unreinforced	presentations	of	the	target-CS	in	the	same	way	that	Omission	training	is	an	unreinforced	presentation	of	the	target-CS.		Here,	the	reinforced	Control	group	up	to	this	point	had	received	40	unreinforced	presentations	of	the	CS	before	the	start	of	the	Reinstatement	test.		As	such,	despite	all	the	additional	training	trials	in	omission	learning,	the	Omission	group	shows	no	advantage	over	the	Control	group	that	has	received	fewer	such	trials.		Similarly	on	further	inspection	of	the	data,	the	Overexpectation	group	on	the	Reinstatement	test	seems	to	also	be	lower	than	was	predicted	(see	Figures	2e	&	f).		This	result	again	might	be	due	to	the	experimental	design	where	the	Overexpectation	group	was	receiving—by	the	nature	of	the	tests—30	unreinforced	(Omission)	trials	before	the	start	of	the	Reinstatement	test.		This	would	make	our	Overexpectation	group,	at	this	point,	more	like	our	Mixed	group	then	a	purely	Overexpectation	group.				 As	for	the	Spontaneous	Recovery	test,	our	data	failed	to	show	that	a	spontaneous	recovery	effect	was	attenuated	by	our	Mixed	extinction	paradigm.		In	also	teasing	apart	auditory	CSs,	Mixed	subjects	on	average	spent	less	time	in	the	magazine	during	the	auditory	CS	presentation.		Here	Mixed	subjects	spent	35%	of	
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time	in	the	magazine	compared	with	the	Omission	subjects	spending	on	average	43%	of	time	in	the	magazine	during	the	CS.		Similarly	for	number	of	head	entries,	Mixed	subjects	had	an	average	of	8.3	head	entries	compared	with	the	Omission	10.3.		However,	this	observed	difference,	in	terms	of	the	effect	size	calculation,	is	not	sufficient	to	conclude	that	there	is	a	substantive	effect.		This	observation	should	also	be	taken	together	with	a	failure	of	null	hypothesis	testing	to	conclude	that	the	null	hypothesis	should	be	rejected.		These	findings	lead	us	to	determine	that	there	is	not	sufficient	evidence	here	to	support	that	our	Mixed	group	produces	an	attenuation	of	a	Spontaneous	Recovery	effect.		However,	null	findings	here	do	not	provide	evidence	to	the	absence	of	an	effect	on	spontaneous	recovery	relapse.		Furthermore,	this	effect	is	considered	a	more	sensitive	measure	than	other	post-extinction	manipulations	leading	to	behavioural	relapse	(Rescorla	&	Heth	1975),	and	our	design	had	placed	it	following	Renewal	testing.		As	such,	we	should	withhold	judgement	concerning	the	implications	of	these	findings	and	this	issue	should	be	subsequently	addressed	in	a	standalone	experiment.		It	should	also	be	noted	that	the	spontaneous	recovery	effect	could	be	interpreted	as	an	extension	of	the	renewal	effect	since	it	represents	a	change	in	a	subject’s	internal	context.		As	such,	the	internal	state	of	the	subjects	can	be	difficult	to	infer.		It	is	possible	that	there	is	a	mechanism	involved	in	recognition	of	external	contextual	cues	that	are	different	from	the	recognition	of	internal	contextual	cues.		It	is	also	possible	that	there	is	a	Mixed-extinction	paradigm	attenuation	relapse	for	a	renewal	effect	but	not	for	a	spontaneous	recovery	effect.			
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	 In	summary,	the	objective	of	this	experiment	was	to	determine	if	this	novel	Mixed-extinction	model	would	attenuate	behavioural	relapse	following	three	different	post-extinction	manipulations.		Evidence	of	attenuation	was	found	robustly	in	Renewal	with	both	effect-size	statistics	and	secondary	null-hypothesis	tests	supporting	this	conclusion.		Effect-size	statistics	supported	an	attenuation	of	the	reinstatement	effect,	however	secondary	null-hypothesis	tests	failed	to	detect	a	statistically	significant	group	difference.		Finally,	neither	effect-size	statistics	nor	null-hypothesis	testing	supported	an	attenuation	of	relapse	behaviours	on	the	Spontaneous	Recovery	test,	though	group	differences	were	in	the	hypothesized	direction.		However,	this	phenomenon	might	be	the	most	sensitive	of	these	three	post-extinction	manipulations	and	was	not	ideally	placed	as	the	second	test	in	our	paradigm.			
Limitations	
	 One	limitation	to	this	study,	as	mentioned	above,	was	the	observed	difference	in	auditory	versus	visual	target	cues.		This	difference	was	observed	in	a	lower	behavioural	asymptote	on	our	measures	for	visual	target	CS	compared	with	the	auditory	target	CS.		This	suggests	that	the	specific	parameters	used	in	our	experiment	could	be	optimized	in	subsequent	studies	to	account	for	this	difference	in	asymptotes.		On	the	test,	the	visual	target	CS	often	did	not	provide	evidence	that	post-extinction	manipulations	were	successful	with	many	subjects	appearing	to	be	performing	at	a	behavioural	floor	for	much	of	the	visual	target	cue.		However	these	data	were	still	included	since	this	was	original	planned	prior	to	the	start	of	the	experiment	and	it	is	a	more	conservative	view	of	the	data.		As	such,	future	
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researchers	should	attempt	to	employ	more	optimal	parameters	to	test	for	these	effects	across	various	sensory	modalities,	as	it	seems	highly	unlikely	that	these	learning	phenomena	would	be	modality	specific.				 Another	limitation	to	this	interpretation	of	the	data	is	that	Mixed-extinction	subjects	were	all	included	rather	than	excluding	subjects	that	did	not	clearly	demonstrate	overexpectation	learning	on	the	probe	test.		Without	such	evidence	it	is	difficult	to	conclude	that	the	Mixed	subjects	are	actually	Overexpectation	then	Omission-trained	rats.		The	possibility	remains	that	some	of	these	rats	did	not	acquire	overexpectation	learning	after	40	trials	and	that	these	subjects	might	be	better	described	as	Omission	trained	after	the	second	block	of	40	trials	rather	than	Mixed-extinction	rats.		However,	the	decision	to	include	all	subjects	would	conservatively	bias	these	data	away	from	finding	an	effect	if	there	were	one	and	risk	underestimating	the	size	of	an	effect.		Whereas	for	our	data,	a	decision	to	exclude	Mixed	subjects	here	based	on	a	failure	to	demonstrate	overexpectation	learning	on	the	probe	test,	would	have	disproportionately	excluded	auditory	target	cue	subjects	in	these	data	and	substantially	biased	analysis	towards	finding	an	effect	even	if	an	effect	was	not	present.		As	such	the	parsimonious	approach	was	employed	here.		Future	researchers	might	consider	testing	different	sensory	modalities	in	standalone	experiments	or	consider	adjusting	experimental	parameters	to	avoid	a	possible	floor	effect	in	the	visual	target	cue	on	probe	test,	which	might	have	been	responsible	for	sensory	modality	differences	in	our	probe-test	data.			
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Alternate	paradigms	in	the	literature	
	 The	present	findings	examine	a	novel	paradigm	to	induce	a	deepening	of	extinction.		These	findings	can	be	contrasted	with	previous	experiments	dealing	with	the	deepening	of	extinction	learning.		Hendry	(1982)	examined	this	deepening	using	an	operant	conditioning	paradigm.		Here,	an	operant	behaviour	was	trained	by	pairing	lever	pressing	with	a	food	reward.		This	behaviour	was	then	influenced	by	training	rats	to	associate	a	target	cue	with	an	aversive	outcome.		This	aversive	outcome	was	then	extinguished	and	the	amount	an	extinguished	cue	would	interfere	with	the	operant	lever-pressing	behaviour	was	measured.		This	paradigm	employed	pairing	already	extinguished	cues.		Hendry	(1982)	found	a	summation	effect	as	a	result	of	two	previously	extinguished	CSs	suggesting	that	there	was	some	value	in	pairing	extinguished	CSs.				 Rescorla	(2006a)	used	rats	and	pigeons	to	replicate	and	expand	upon	the	findings	of	Reberg	(1972)	and	Hendry	(1982).		Rescorla	used	operant	conditioning	as	well	as	Pavlovian	designs	in	this	group	of	experiments.		For	operant	conditioning,	Spontaneous	Recovery	and	Reinstatement	manipulations	were	tested	following	extinction	phases	of	CS	and	shock.		Rescorla	also	replicated	these	results	in	a	Pavlovian	design	using	food	pellets	as	positive	reinforcement	and	examined	this	on	a	Spontaneous	Recovery	test.		Findings	from	these	experiments	supported	a	view	that	extinction	learning	can	be	deepened	by	the	use	of	a	Mixed	design.		Rescorla	(2006a)	also	tested	Omission	learning	followed	by	pairing	Omission	extinguished	cues.		This	work	expanded	upon	findings	by	Reburg	(1972)	that	combining	two	previously	Omission	extinguished	cues	can	yield	greater	decrement	in	responding	
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than	either	extinguished	cue	alone.		Reburg	also	tested,	a	Mixed	paradigm	of	Omission	followed	by	the	unreinforced	pairing	of	an	extinguished	and	a	non-extinguished	cue.		This	direct	comparison	favoured	a	deeper	extinction	in	the	Omission	followed	by	non-extinguished	cue	paired	with	an	extinguished	cue.		These	findings	suggest	a	deepening	extinction	in	a	Mixed	paradigm	with	association	changes	occurring	in	two	paired	cues	more	dynamically	than	two	fully	extinguished	cues	individually.		One	plausible	interpretation	is	the	perspective	taken	in	this	thesis,	which	is	that	there	is	a	greater	recruitment	of	biological	mechanisms	associated	with	different	forms	of	extinction	that	leads	to	a	deepening	of	extinction	that	is	more	resistance	to	relapse.				 Leung	et	al.	(2012)	replicated	and	expanded	upon	the	work	of	Rescorla	(2006a).		Rats	were	trained	in	an	aversive	paradigm.		Rats	then	received	context	pre-exposure	sessions	followed	by	a	session	of	four	CS-shock	pairings.		Rats	on	subsequent	days,	received	unpaired	presentations	of	each	of	the	CSs	individually.		Following	this	rats	had	either	further	Omission	training	to	the	target	cue	or	unreinforced	pairings	of	two	previously	extinguished	CSs.		In	one	experiment,	rats	had	an	unreinforced	compound	of	two	Omission-extinguished	CSs.		In	another	experiment	there	was	a	non-reinforced	pairing	of	an	Omission-extinguish	CS	and	a	CS	that	had	been	similarly	paired	with	shock	but	had	not	been	extinguished.		Following	this	second	extinction	block,	rats	received	a	reinstatement	session	and	subsequent	test.		Here,	rats	demonstrated	an	attenuated	reinstatement	response	on	test	even	though	the	compound	leads	to	more	responding	during	compound	extinction.		Since,	a	CS	can	indicate	a	particular	likelihood	that	a	US	will	occur,	it	can	
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have	no	predictive	relationship	with	that	US,	or	it	could	indicate	that	there	is	a	less	chance	of	the	US	occurring	when	this	CS	is	present.		Such	a	CS,	when	paired	with	another	CS	with	a	positive	predictive	relationship	(with	the	same	US)	would	produce	a	net	inhibition	of	behaviour.		Leung	et	al.	(2012)	concluded	that	their	effect	was	due	to	the	target	CS	in	the	pair	becoming	a	net	inhibitor.		The	paradigm	of	using	unreinforced	pairings	of	previously	Omission-trained	subjects	greatly	contrasts	a	paradigm	involving	Overexpectation.		Namely,	in	Overexpectation	the	subjects	are	still	receiving	reinforcement.				 In	terms	of	human	research	in	the	literature,	Culver	et	al.	(2015)	used	an	aversive	sound	as	a	US	and	measured	a	skin	conductance	response.		They	had	also	employed	a	paradigm	using	an	unreinforced	pairing	of	two	separately	Omission-extinguished	CSs.		They	found	an	attenuation	of	relapse	behaviours	for	both	Spontaneous	Recovery	and	for	Reinstatement	(Culver	et	al.,	2015).		They	found	evidence	that	this	Omission	followed	by	unreinforced	pairing	of	Omission-extinguished	cues,	lead	to	an	attenuation	of	observed	spontaneous	recovery	and	reinstatement	effects	that	were	observed	in	a	group	that	received	an	equal	number	of	Omission-only	presentations.				 Also,	Coelho	et	al.	(2015)	employed	a	shock	and	measured	a	skin	conductance	response	as	a	measure	of	fear	in	humans.		They	used	a	Spontaneous	Recovery	test	24	hours	later,	which	was	followed	by	a	Reinstatement	test	the	same	day.		In	contrast	to	our	design	in	rats	was	that	there	was	twenty-four	hour	delay	for	the	renewal	test,	which	is	similar	to	the	time	between	extinction	training	and	Spontaneous	Recovery	test	in	humans.		They	found	evidence	of	their	Mixed-
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extinction	paradigm,	attenuating	relapse	for	Spontaneous	Recovery	but	did	not	find	this	attenuation	for	their	Reinstatement	paradigm.		However,	it	should	be	noted	that	the	Reinstatement	test	followed	very	shortly	after	the	further	extinction	of	the	Spontaneous	Recovery	test	(Coelho	et	al.,	2015).			
Predictions	of	alternate	paradigms		 Here	we	will	discuss	more	in	depth,	the	predictions	stemming	from	a	Rescorla-Wagner	model	perspective	on	the	deepening	extinction	designs	of	Hendry	(1982)	which	paired	two	previously	extinguished	CSs	and	an	experiment	of	Leung,	Reeks	and	Westbrook	(2012),	which	had	a	group	that	received	the	unreinforced	pairing	of	an	extinguished	and	non-extinguished	CS.		These	predictions	will	be	contrasted	to	results	of	these	experiments.		Next	we	will	similarly	make	predictions	about	our	Mixed-extinction	design	based	on	that	model	and	contrast	that	with	what	was	observed.				 For	Omission	followed	by	a	pairing	of	two	previously	extinguished	CSs	as	was	done	in	Hendry	(1982),	the	Rescorla-Wagner	model	would	predict	that	the	error	term	for	the	initial	omission	learning	would	be	large	and	responding	would	decrease	rapidly.		Following	this	decline,	the	unreinforced	paired	of	two	previously	extinguished	CSs	should	be	greatly	attenuated	since	the	error	term	would	be	split	in	some	degree,	between	these	two	previously	extinguished	CSs.		Hendry	(1982)	experiment	used	the	suppression	of	an	operant	behaviour	as	their	measure	of	the	impact	of	an	aversive	association.		The	results	were	that	the	compounding	of	two	extinguished	aversive	stimuli	lead	to	a	summation	effect	of	their	pairing.		And,	this	was	to	a	level	of	suppression	below	what	appeared	behaviourally	to	be	zero	
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association.		This	paradigm	accentuates	the	discrepancy	between	observed	relapse	phenomena	and	learning	models	like	the	Rescorla-Wagner	model,	that	view	omission	learning	and	overexpectation	learning	as	involving	the	same	empirical	(and	presumingly	biological)	mechanisms.				 Leung	et	al.	(2012)	conducted	an	experiment	where	a	group	of	rats	experienced	the	unreinforced	pairing	of	two	previously	extinguished	CSs	similar	to	other	experiments	mentioned	above.		Another	group	was	subjected	to	a	non-reinforced	pairing	of	an	extinguished	and	non-extinguished	CS	and	both	were	then	given	a	Reinstatement	test.		The	authors	found	that	the	Reinstatement	produced	relapse,	was	lower	in	the	group	that	had	received	the	pairing	of	the	extinguished	and	non-extinguished	CS.		Here	a	Rescorla-Wagner	model	based	perspective	might	consider	there	to	be	a	loss	in	associative	strength	to	the	extinguished	CS.		The	non-reinforced	pairing	then	would	lead	to	further	omission	extinction	and	therefore	loss	in	associative	strength	between	both	the	previously	omission-extinguished	CS	and	previously	reinforced	CS.		There	are	several	factors	that	could	be	used	to	argue	how	much	of	this	extinction	learning	would	be	attributed	to	each	of	the	CSs	present	in	the	pairing.		However,	such	a	model	would	not	explain	either	post	extinction	relapse	phenomena	in	general	nor	why	this	relapse	would	be	attenuated	compared	to	other	groups	that	received	more	Omission	training.		Rescorla	in	a	similar	experiment	(2006a)	suggests	that	such	a	decrement	in	responding	following	such	pairings	could	be	due	to	greater	excitation	involved	in	a	non-reinforced	pairing	of	an	extinguished	and	non-extinguished	CS.		However,	this	is	not	encapsulated	in	learning	models	such	as	the	Rescorla-Wagner	model	nor	do	such	models	account	for	the	observation	of	
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relapse	phenomena.		Another	plausible	interpretation	would	be	that	if	the	Omission-extinguished	CS	was	not	at	zero,	or	from	a	biological	perspective	this	learning	is	never	erased,	then	this	paradigm	could	constitute	a	biological	mechanism	that	might	be	related	to	mechanisms	purported	to	be	underlying	overexpectation	learning.				 Concerning	an	Overexpectation	followed	by	Omission	paradigm	such	as	what	we	have	employed,	a	Rescorla-Wagner	model	perspective	might	predict	that	overexpectation	learning	would	lead	to	some	decrease	in	the	associative	strength	of	either	CS.		This	attribution	in	our	paradigm	would	have	shifted	mostly	to	our	target	CS	since	the	non-target	CS	was	also	reinforced	10	times	in	each	extinction	session	and	on	each	test	day.		The	decrease	in	the	target	CS,	in	this	view,	would	necessarily	be	less	than	an	alternative	omission-only-learning	since	there	was	still	reinforcement	in	the	paired	trials.		One	view	could	be	that	the	target	cue	would	no	longer	be	a	predictor	of	the	CS	since	the	non-target	CS	would	predict	the	US	on	each	trial	whether	or	not	paired	with	the	target	CS.		Following	overexpectation	learning,	omission	learning	would	be	slightly	less	robust	for	each	subsequent	exposure.		This	is	due	to	the	decrease	in	associative	strength	(and	expectation)	caused	by	the	overexpectation	learning.		However	this	omission	learning	would	still	be	effective.		This	perspective	would	predict	our	Mixed	group	extinguishing	more	than	an	Overexpectation	group	and	less	than	an	Omission	group,	given	the	same	number	of	trials.		Like	the	above-mentioned	alternative	paradigms	the	observed	results	of	a	deeper	form	of	extinction	that	is	more	resistant	to	relapse,	do	not	fit	within	an	error-prediction	model	like	the	Rescorla-Wagner	model.		Our	findings	were	that	the	Mixed	group	performs	generally	lower	across	the	length	of	the	post-extinction	tests	
	 66	
and	did	not	perform	at	a	level	somewhere	between	Overexpectation-only	and	Omission-only	subjects.		Instead	these	findings	would	better	be	explained	by	the	notion	of	empirically	different	mechanisms	that	underlie	overexpectation	and	omission	learning	(Sissons	&	Miller,	2009;	Witnauer	&	Miller,	2009).			
Future	directions		
	 As	in	all	research,	an	independent	replication	of	these	results	should	be	conducted	in	order	to	ensure	the	reproducibility	of	the	experimental	design.		Additionally,	there	would	be	value	in	using	either	standalone	experiments	or	in	counterbalancing	the	test	order	for	experiments	such	as	this	that	employ	multiple	consecutive	tests.		Importantly,	there	should	be	a	direct	contrast	of	the	effect	size	of	this	Overexpectation-Omission	paradigm	and	the	alternate	paradigms	using	unreinforced	pairings	mentioned	in	the	literature.		Comparing	and	contrasting	these	effects	will	lead	to	better	direction	in	terms	of	directly	examining	the	biological	basis	for	deepening	extinction.		Such	a	comparison	could	address	the	possibility	of	an	impact	of	error-prediction	mechanisms	and	models.				 It	remains	a	possibility	that	the	biological	mechanisms	that	are	unique	to	overexpectation	learning	(and	not	omission	learning)	could	also	be	implicated	in	other	extinction	procedures	that	use	unreinforced	paired	stimuli	for	extinction	learning.		Approaching	the	phenomenon	of	deepening	extinction,	from	both	a	biological	and	behavioural	perspective,	would	yield	greater	insights	into	the	underpinnings	of	extinction	learning.		One	first	step	to	this	end	could	be	to	expand	upon	the	cell	tracking	experiment	of	Iordanova	et	al.	(2016)	to	see	if	these	specific	findings	would	replicate	using	a	non-reinforced	paired	extinction	paradigm	and	how	
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this	might	relate	to	unique	and	overlapping	cell	populations	implicated	in	overexpectation	learning.			
	 Overall	this	line	of	research	in	to	deepening	extinction,	has	implications	concerning	maladaptive	behaviours,	which	are	liable	to	relapse	even	after	abstinence	(omission)	training.		Since	omission	extinction	does	not	cause	the	unlearning	of	the	original	acquisition,	there	remains	a	vulnerability	in	therapeutic	treatments	of	maladaptive	behaviours	employing	this	strategy	(Bouton,	2002).		With	a	better	understanding	of	the	underlying	mechanisms	behind	extinction	learning,	paradigms	can	be	designed	to	better	insulate	maladaptive	behaviours	from	relapse	through	deeper	extinction	training.			
Conclusions	
	 In	summary,	we	found	evidence	supporting	the	deepening	of	extinction	as	a	result	of	this	novel	Overexpectation-Omission	paradigm.		This	effect	was	observed	robustly	in	our	first	test	for	Renewal	and	observed	in	our	third	test	for	Reinstatement.		There	was	no	observed	effect	for	Spontaneous	Recovery.		These	findings	suggest	validity	in	this	alternate	paradigm	to	promote	a	deepening	of	extinction	learning.		In	elucidating	this	mechanism	behaviourally,	future	research	can	tease	apart	differences	in	the	biological	basis	of	extinction	learning.		This	research	has	far-reaching	implications	in	terms	of	clinically	addressing	maladaptive-formed	associations	such	as	are	present	with	addiction	and	anxiety	disorders.			
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